Objective: To investigate the influence of the addition of various toppings/fillings on the glycaemic response to baked potato, pasta and toast. Design: Randomised, repeated measures design. Setting: Oxford, UK. Subjects: Forty normal, healthy subjects (11 males and 29 females) were recruited to the study. Subjects were staff and students from Oxford Brookes University. Intervention: Cheddar cheese, chilli con carne, baked beans and tuna were added to baked potatoes, cooked pasta and toast to determine the effect on glycaemic response. Results: No significant difference was found among the various toppings and baked potato (P ¼ 0.06), pasta (P ¼ 0.06) and toast (P ¼ 0.39). However, the addition of toppings to a carbohydrate-rich food had a consistent lowering effect on glycaemic index (GI). In particular, the addition of cheddar cheese to potato, pasta and toast reduced the GI of the test meal to a value that is considered to be low-GI (39, 27 and 35, respectively). This is particularly notable for potatoes, which, when eaten alone, had the highest GI value of all the staples. Conclusions: This study has shown that the addition of foodstuffs to the staples baked potato, pasta and toast had a consistent lowering effect on the GI value of that meal. These findings emphasise the importance of investigating the GI of composite meals. Sponsorship: British Potato Council.
Introduction
The concept of glycaemic index (GI) was first developed by Jenkins et al. (1981) over a quarter of a century ago and has proven to be an important and innovative concept in nutritional science. There is an important body of evidence to support the therapeutic potential of low-GI diets, not only in diabetes (Brand et al., 1991; Frost et al., 1994) , but also in subjects with hyperlipidaemia (Jenkins et al., 1987b) . In addition, low-GI foods have been associated with improved insulin sensitivity (Frost et al., 1998) and increased colonic fermentation (Jenkins et al., 1987a) . More recent data support the preventive potential of a low-GI diet against the development of type II diabetes and cardiovascular disease (Salmeron et al., 1997a, b; Frost et al., 1999) .
In recent years, consumer interest in GI has grown, resulting in several retailers in the United Kingdom (UK) and Europe marketing low-GI foods. Food processors also have shown an increasing interest in developing and producing low-GI foods. As a first step it is important to identify the factors that influence and impact on the GI of foods.
There are several factors that may alter the GI of a food, including food structure, ripeness, ratio of amylose and amylopectin, the level of food processing, cooking technique and the presence of other macronutrients such as fat and protein (Augustin et al., 2002; Najjar et al., 2004) . Several studies have shown that the addition of fat and protein to a carbohydrate food can significantly reduce the glycaemic response (Nuttal et al., 1984; Simpson et al., 1985; Rasmussen et al., 1988; Gulliford et al., 1989) . It has been suggested that fat lowers the postprandial glucose response by increasing the viscosity of the intestinal contents and delaying the rate of gastric emptying (Ebbeling and Ludwig, 2001; MacIntosh et al., 2003) ; however, other mechanisms may also be involved (Normand et al., 2001) . The addition of protein to a carbohydrate food increases the amount of insulin secreted, causing the blood glucose levels to be less affected. Bornet et al. (1987) also suggest that protein may form a protective network around the carbohydrate molecule and prevent the action of glycolytic enzymes.
Several dietary guidelines have recommended the consumption of carbohydrate-rich foods. This has led to an increased consumption of pasta, potatoes and bread. However, such foods have a medium to high GI ranking when eaten alone. A criticism of the use and application of the GI concept is that it is based on single foods; however, in most societies single foods are rarely eaten alone on a daily basis. Several studies have claimed that GI can be used to predict the glycaemic response to mixed meals (Wolever et al., 1985; Wolever and Jenkins, 1986; Chew et al., 1988; Ludwig, 2002) . However, others have found that the glycaemic response to mixed meals is only weakly predicted by GI (Gulliford et al., 1989) . More recently, Flint et al. (2004) suggest that it is not possible to predict the GI of a composite meal from the GI values of the individual foods, due to the effect of the fat and protein content or total energy intake of the meal.
In light of the above, the aim of this study was to consider the changes in glycaemic response when various toppings/ fillings were added to commonly consumed carbohydrate foods.
Subjects and methods

Subjects
Forty normal, healthy subjects were recruited to participate in the study. Exclusion criteria were as follows: age o18 or 455 years; body mass index (BMI) X25 kg/m 2 ; fasting blood glucose 46.1 mmol/l. Subjects were staff and students from Oxford Brookes University. Ethical approval for the study was obtained from the University Research Ethics Committee at Oxford Brookes University. Subjects were given full details of the study protocol and the opportunity to ask questions. All subjects gave written informed consent prior to participation.
All anthropometric measurements were made in the fasting state. Height was recorded to the nearest centimetre using a stadiometer (Seca Ltd, UK), with subjects standing erect and without shoes. Body weight was recorded to the nearest 0.1 kg, with subjects wearing light clothing and no shoes. BMI was calculated using the standard formula: weight (kg)/height (m) 2 . Body fat percentage was measured using a body composition analyser (Tanita BC-418 MA; Tanita UK Ltd). The physical characteristics of the subjects are shown in Table 1 .
Test meals
Twelve test meals (five potato-based, four pasta-based and three toast-based) and a reference food (glucose) were administered to subjects in a randomised, repeated measures design with each subject serving as his/her own control. The toppings/fillings chosen for this study are ones that are commonly consumed with baked potatoes in the UK (personal communication, The British Potato Council). The amounts of food used for the study are shown in Table 2 . The reference food (glucose powder dissolved in 200 ml water) was tested three times by each subject. All meals contained 50 g available carbohydrate. The available carbohydrate content of all foods (with the exception of the potato) was determined from data provided by the manufacturers. The total solid and carbohydrate content of the potato variety was obtained from published values (Storey and Davies, 1992; NIAB, 2004) . The macronutrient composition of the potato, pasta and bread is given in Table 3 .
The potatoes, cy Estima sourced from the British Potato Council, were cooked in the microwave (high power) for 6 min and baked at 2001C in an oven for 10 min. The pasta, fusilli pasta twists purchased from an Oxford retail supermarket (Tesco Stores Ltd), was cooked in boiling, unsalted water for 10 min. The bread, a standard medium-sliced white bread (Hovis) purchased from an Oxford retail supermarket (Tesco Stores Ltd), was toasted under an electric grill. All toppings/fillings were prepared to a standard recipe.
Study protocol
The protocol used was adapted from that described by Wolever et al. (1991) and is in line with procedures recommended by the FAO/WHO (1998). To determine the GI of a food, tests should be repeated in six or more subjects, Addition of toppings/fillings on the glycaemic response CJK Henry et al thus in the present study, for each test food, 10 of the 40 subjects recruited to the study were randomly selected. On the day prior to a test, subjects were asked to restrict their intake of alcohol and caffeine-containing drinks and to restrict their participation in intense physical activity (e.g. long periods at the gym, excessive swimming, running, aerobics). Subjects were also told not to eat or drink after 2100 the night before a test, although water was allowed, in moderation. Subjects tested the meals once each and the reference food three times in random order on separate days, with at least a 1-day gap between measurements. Subjects were studied in the morning after a 12 h overnight fast. After a fasting blood sample, subjects ate a test meal at a comfortable pace, within 15 min. All test meals and the reference food were served with 200 ml water. Further blood samples were taken at 15, 30, 45, 60, 90 and 120 min after starting to eat. Subjects remained sedentary during each session.
Blood was obtained by finger-prick using the Glucolet 2 multipatient lancing system (Bayer HealthCare). Blood glucose was measured using an automatic analyser (Ascensia Contour s ; Bayer HealthCare). The blood glucose meters were calibrated daily using control solutions from the manufacturer and were also regularly tested against a clinical dry chemistry analyser (Reflotron s Plus, Roche) and the HemoCue Glucose 201 þ analyser (HemoCue s Ltd). Figure 1 shows the Pearson's regression and Bland-Altman analyses (Bland and Altman, 1986 ) for a random selection of 106 blood samples simultaneously measured using the Ascensia Contour s and the HemoCue Glucose 201 þ analyser. There was a very strong correlation (r ¼ 0.978, Pp0.001) and good agreement (mean difference À0.3 mmol, 95% CI À0.3 to À0.2, limits of agreement À0.75 and 0.21) between blood glucose measurements using the automatic analyser and the HemoCue analyser.
Calculation of GI
The incremental area under the blood glucose response curve (IAUC), ignoring area beneath the baseline, was Addition of toppings/fillings on the glycaemic response CJK Henry et al calculated geometrically (FAO/WHO, 1998) . The mean, standard deviation (s.d.) and coefficient of variation of the IAUC of each subject's repeated reference food tests were calculated. The IAUC for each test meal eaten by each subject was expressed as a percentage of the mean IAUC for the standard food eaten by the same subject. The GI of each meal tested was taken as the mean (7s.e.m.) for the whole group.
Statistical analysis
Statistical analysis was performed using the Statistical Product and Service Solutions software (SPSS version 11.0.1, Chicago, USA). To examine the correlation and agreement between the automatic analyser and the HemoCue Glucose 201 þ analyser, the Pearson's correlation coefficient and the method of Bland and Altman (1986) were used. The time effect during the postprandial period of each test meal was assessed by using repeated measures analysis with Bonferroni's correction. One-way analysis of variance was used to compare incremental postprandial response at various time intervals and GI values between the various toppings/fillings for each of the carbohydrate-rich foods. Statistical significance was set at Po0.05.
Results
The mean incremental areas under the glycaemic response curves for the potato-based, pasta-based and toast-based meals are shown in Figure 2 . Glucose response to potato alone, potato with chilli, potato with baked beans and toast alone peaked at 45 min, while the peak rise for the remaining test meals was at 30 min.
There was a significant increase (Po0.05) in glycaemic response 30 min after meal ingestion in all potato-and pastabased meals with the exception of the cheddar cheese topped meals. The incremental increase in blood glucose at 30 min was significantly higher (P ¼ 0.028) after the potato meal than after the potato with cheese (3.270.5 compared with 1.570.3 mmol/l). Similarly, the increase at 30 min was significantly higher (P ¼ 0.036) after the pasta meal than after the pasta with cheese (2.070.3 compared with 0.970.2 mmol/l). Glycaemia increased significantly (Po0.05) 30 min after ingestion of toast with cheddar cheese and toast with baked beans and 45 min after ingestion of toast. The incremental increase in blood glucose at 45 min was significantly higher after the toast with baked beans than after the toast with cheddar cheese (2.670.3 compared with 1.670.3 mmol/l, P ¼ 0.028).
The GI value and GI classification of each test meal are presented in Table 4 . Although there was no statistically significant difference among the GI of the baked potato and various toppings (P ¼ 0.06), the cooked pasta and various toppings (P ¼ 0.06), or the toast and various toppings (P ¼ 0.39), the addition of the toppings had a lowering effect on the GI of all the carbohydrate-rich foods (Figure 3 ).
Cheddar cheese reduced the GI value of the potato meal by 58% and altered the GI classification from high to low (Table 4) . Similarly, baked beans altered the GI of the potato by 33% and changed the GI classification from high to medium. However, although the chilli con carne and tuna reduced the GI value of the potato meal by 19 and 18%, respectively, the GI classification was unchanged.
The GI value for the pasta meals were reduced by the addition of cheddar cheese (56%), chilli con carne (34%) and tuna (49%). The GI classifications for all changed the rating of the meal, from medium to low. Similarly, cheddar cheese reduced the GI value of a toast meal by 30%, although the baked beans did not appear to lower the GI of the meal.
Discussion
The results of this study show that the addition of various toppings/fillings to a carbohydrate staple has a consistent lowering effect on GI value. The addition of cheddar cheese to potato, pasta and toast reduced the GI of the test meal to a value that is considered to be low GI (39, 27 and 35, respectively) . This was particularly notable for baked potato, which, when eaten alone, had the highest GI of all the staples. These findings highlight the importance of investigating the GI of composite meals. The present study found that 120 g cheddar cheese (containing 42 g fat) reduced the peak rise in blood glucose by 2.6 mmol/l compared to potato alone and resulted in an earlier peak rise (30 min compared to 45 min). These findings are in contrast to previous reports (Normand et al., 2001; Owen and Wolever, 2003) . Although Normand et al. (2001) found that 40 g sunflower oil resulted in an earlier peak in blood glucose, the peak rise was reduced by 0.3 mmol/l only. Owen and Wolever (2003) reported that 40 g non-hydrogenated margarine (41% polyunsaturated, 41% monounsaturated and 14% saturated) reduced the peak rise of glucose and delayed the time of the peak rise. These differences may be due to the fatty acid composition of the added fat source (Gatti et al., 1992) and the type of foods used as the carbohydrate-base (bread in the study by Owen and Wolever and pasta in the Normand study). Further research on the effect of fatty acid composition on glycaemic response to different carbohydrates is needed.
Recent studies have found that the inclusion of fat reduces the glycaemic response to a carbohydrate meal (MacIntosh et al., 2003; Owen and Wolever, 2003) . This was substantiated by the results for cheddar cheese from our study. Dietary fat inhibits gastric emptying, which in turn slows down the absorption of carbohydrate. In addition, increased amounts of fat and protein in the gut induce a larger A GI value X70 is considered high, a GI value 56-69 inclusive is medium and a GI value p55 is low (where glucose ¼ 100) .
secretion of glucose-dependent insulintropic polypeptide and glucagons-like peptide-1, which results in a faster clearance of glucose through an increase in the mealinduced insulin response. Both these mechanisms result in a lower blood glucose response postprandially (Flint et al., 2004) . The application of the GI to mixed meals is based on the assumption that the glycaemic response to different foods will be equally influenced by coingestion of protein or fat. However, Gulliford et al. (1989) found that the glycaemic response to two carbohydrate-rich foods was not equally modified by the coingestion of protein and fat. Under the conditions of the current study, the glycaemic response to potato with cheddar cheese was 58% lower than that of potato alone while the response to pasta and toast with cheddar cheese was 56 and 43% lower than that of pasta and toast alone, respectively. In addition, the glycaemic response to a meal with tuna was 18% lower than that of potato alone and 54% lower than that of pasta alone. This is an important factor to be considered when attempting to predict glycaemic responses to mixed meals using GI tables.
In the current carefully controlled investigation the carbohydrate content of all meals was constant at 50 g, although the energy and macronutrient composition content varied. Thus, the results suggest that differences in the energy, protein and/or fat content of the meals are responsible for the change in GI. These findings are consistent with the recent study of Flint et al. (2004) , which found that when the carbohydrate content of composite breakfasts was kept constant but energy and macronutrient composition varied, the GI tables alone were not adequate to predict the GI of the meals.
In conclusion, this study has shown that the addition of foodstuffs to the staples potato, pasta and toast had a consistent lowering effect on the GI value of that meal. These findings emphasise the importance of investigating the GI of composite meals.
